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Introduction

In October 1989, the National Inmstitute for Decupaticnal Safety and Health
(NI0SH)} received a reguest to evaloate potential health hazards resulting from
exposure to formaldehyde and wood dust during particle board milling
operations at Superier Manufacturing, Cincinmati, Ohic. An initial site visit
vas condocted on November 27, 1989 to observe the prodoction operations and to
obtain sdditional information on products used at this facility. On January
19, 1990 a follow-up visit was made to conduct envirommental momitoring for
formaldehyde and wood duat.

Backzround

Superior Marmfacturing produces accessory itema for the waterbed induatry.
The primary product is padded waterbed rails which are constructed of
Microboards, a Weyerhasuser particle board product containing £5-93% wood
and 5-15% urea formaldehyde resin solids. Microboard® consists of a matrix
of interlocking wood fibers which may include a variety of softwoods,
hardwoods, andfor western red cedar. A variety of cutting and milling
operations are performed on the particle board to obtaln rallings of the
desired dimensions. Portions of the railings are glued together with a
polyvinyl acetate emulsion adhealve and are then dried in a radiofrequency
(RF) oven. The final atep (trothing) involves copatroction of the padded
railing, by layering foam arcund the particle board and covering with
wpholatery material.

Environmental Evaluatien

Full-shift personal breathing zone and area alr monitoring for formaldehyde
vapor, total particulates material (wood dust) and formaldehyde content of
particulate materials wvas conducted on Jamuary 19, 1990, during routine
production operatioms.

Personal breathing zone alr samples were collected on the two mill operators,
the cross cut saw operator and ome of the trothing operators. The sampling
train consiated of a pre-welghed 37 millimeter {em), 5.0 micron {(um) pore size
polyvinyl chloride (FVC) filter followed by a spill-proof midget impinger
containing 20 milliliters (mL) of a 1X sodimm bisulfite golutlion. Separate
alr samples were collected during the morning and afternocon, to COVETD the
entire yorkshift. The sampling equipment was placed in the workers® breathing
zone and alr was drawn through the sampling train using battery-operated puomps
calibrated at 1 liter per minmute (Lpe).
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The particulate filters were re-welighed following sample collection to obtain
total particolate concentrations, and were then analyred to determine the
amount of formaldehyde assoclated with the particulate material on each
filter. The PVC filters and cellulose back-up pads were analyzed using an
experimental formaldehyde-on—dust method developed by the Division of Physical
Sciences and Engineering, musnl, incorporating analysis by high pressure
1iquid chromatography (HPLC). The fllters were desorbed with 10 ml of
deionized water, placed in a 37 € bath for four hours, and then flltered
through & 0.45 wm filter to remove the particulate material. The solutions
were then analyzed using the 2,4-dinitrophenylhydrazine (DNFH) method.? For
the vapor phase formaldehyde determinatiomns, the lmpinger solutions were
analyzed using visible absorption spectrophotometry, Iin accordance with NIOSH
Method 3500.3

Area alr samples for formaldehyde and particulates were collected in the glue
room, furnace room, and fromt office. The sampling train consisted of a pre-
weighed PVC filter followed by two midget impingers containing 1X sodiom
blsulfite solutions. Alr was sampled at a flowrate of 1 Lpm using calibrated
alr sempling pumps. The particulate and formaldehyde analyses (vapor phase
and particulate-bound) were performed as described above.

Evaluation Criteria

As a gulde to the evaluation of the hazards posed by work place exposures,
WIOSHE field staff employ environmental evaluation criteria for the assessment
of a number of chemical and physical agents. Theae criteria are intended te
suggest levelas of exposure to vhich most workers may be exposed up to 10 houra
per day, 40 hours per week for a working lifetime without experiencing adverse
health effects. It is, however, important to note that not all workers will
be protected from adverse health effects if thelr exposures are maintained
below these levels. A small percentage may experience adverse health effects
because of individval susceptibility, a pre-existing medical condition, sndfer
a hypersensitivity (allergy). In addition, some hazardous substances may act
in combination with other work place exposures, the general enviromment, or
wvith medications or parsonal habits of the worker to produce health effects
even 1f the occupational exposures are controlled to the level aet by the
evaluoation eriterion. These combined effects are not often considered by the
svaluation criteria. Also, some substances are absorbed by direct comtact
with the skin and sucous membranes, and thus potentially imcrease the ovarall
exposure. Finally, evaluation criteria may change over the years as new
information on the toxic effecta of an agent become avallable.

The pr sources of enviroomental evaluation eriterla for the work place
are: 1) NIOSH Criteria Docoments and Recommended Exposure Limitas (RELs), 2)
the American Conference of Govermmental Industrial Eyglenists® (ACGIH)
Threshold Limit Valves (TLVs), and 3) the U.5. Department of Labor {OSHA)
Permissible Exposure Limits (FELs). Often, the NIOSH recommendations and
ACGIH TLVs are lower than the corresponding OSHA PELs. The 0SEA PELs may be
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required to take into account the feasibility of controlling exposures in
various industriea where the agents are used; the NIOSH-recommended exposure
limits, by contrast, are based primarily on concerns relating to the
prevention of occupational disease. In evaluating the exposure levels and the
recommendations for reducing these levels found in this report, it should be

noted that industry is legally required to meet those levela apecified by an
0SHA PEL.

A time—weighted average {TWA) exposure refers to the average airborme
concentration of a substamce during a normal 8- to l0-hour workday. Some
gubstances have recosmended short-term exposure limits or ceiling walues which
are intended to supplement the TWA where there are recognized toxic effects
from high, short-term exposures.

Formaldehyde

Formaldehyde is a colorless gas with a strong, pungent odor detectable at low
concentrations, It is cosmonly utilized as formalin, an agueous solntiom
containing 37-50% formaldehyde by weight.# It is widely used in the
production of reains, in the manufacture of many other compounds, as a
preservative, as a aterilizing agent, and as an embalming fluid.

Exposure to formaldehyde can occur through inhalatiom or skin absorptiom.®
The primary non—carcinogenic effects associated with formaldehyde exposure are
irritation of the mucous mexbranes of the eyes and respiratory tract, and
allergic sensitization of the skin. The firat aigns or symptoms noticed on
exposure to formaldehyde, at concentrations ranging from 0.1 to 5 ppm, are
burning of the eyes, tearing, and general irritation of the uwpper respiratory
passages. There does, however, appear to be a great deal of variation among
individosls, both in terms of thelr susceptibllicy and tolerance.

Dermatitis does to akin contact with formaldehyde solutions amd
formaldehyde—containing resins is a well-recognized problem. Both primary
akin irritation and allergic dermatitis have been reported.? Dermatitis may
appear & few days folleoving the commencement of work or may not appear for a
number of years following exposure.®

In two separate studies, formaldehyde has induced a rare form of nasal cancer
in rodents following repeated inhalation exposure.”»® In April 1981, NIOSH
issued Current Intelligence Bulletin 34, "Formaldehyde: - Evidence of
Careinogenicity”, DHHS (NIOSH) Publication Mo. 81-111.7 In this bulletin,
NIOSH recommends that formaldehyde be handled as a potential occupational
carcinogen and that appropriate controls be used to redoce worker exposure to
the lowest feasible level.* This recommendation was based primarily om a
stody in which nasal cancera developed in rats and mice following repeated
inhalation exposures of approximately 15 ppm formaldehyde. In December, 1987,
0SHA published an amended formaldehyde standard, 29 CFE 1910.1048. This
standard reduced the PEL from 3 ppm to 1 ppm, as an 8-hour TWA.10 In
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addition, a 15-minute short term exposurs 1imit (S5TEL) was gset at 2 ppm.
ACETH has given formaldehyde an A2 deaignation, indicating that ACETH
considers formaldehyde a suspected human carcinegen. The ACGIH TLV fo
formaldehyde is 1 ppo as an 8-hour TWA and 2 ppm as a 15-minmte STEL.L
ACCTH has recently propoasd a ceiling limit of 0.3 ppm formaldehyde in their
notice of intended changes for 1989-1990.11 This value will be recomsidered
for the adopted TLV list after Z years.

Wood Dust

Airborne particle board dust generated during cutting and milling operationa
consists of particles of hard and soft wood. This wood dust is comprised of
particles of various sizes and shapes which may be suspended in air and
inhaled. Thoase particles inspired with an aercdynamic diameter greater than
20 microna (mm) are deposited by impingement in the nose and oral reglom.
Smaller particles, <20 v to 10 um can penetrate past the larynx and are
depoaited in the upper bronchial regiom; while particlea from 10 um te <0.5 um
are carried into the smaller airwvays and the alveoll of the lung.

Exposure to wood duost has been reported to have resulted in nomerous health
effects including allergic reactionsl?  chromic non-allergenic respiratory
disessel?, and pasal sinus cancer.l Obstructive respiratory effectsl3d,
development of lung fibrosial®, and impairment of the mucociliary clearance
mechanisml® also have been reported.

Formaldehyde and other gaseous compounds can be adsorbed om wood particles.
Wood dust snd formaldehyde are both recognized as canaing respiratory
{rritation and sensitization.l2:13 It is posaible that inhaled wood
particles containing formaldehyde can relecase formaldehyde at the alte of
particle deposition. Recently, two epidemioclogic atiudies have been reported
which suggested an increase in cancers of the upper respiratory passages in
garment and resin manufacturing vorkers in vhich the scurce of formaldehyde
was assueed to be low level and wvapor phase, however, the plants were noted to
be dusty.l%:15 One hypothesis for these findings is that the nasopharyngesl
and buccal cavity (throat region) aress may be receiving additiomal
formaldeliyde exposure from the depositlion of formaldehyde containing
particolate material in additlon to the vapor phase formaldehyde which evolves
from these materials. Moch work remains to be dome in this area, howerver, to
better assess the effect of formaldehyde containing duost on the incidence of
upper reapiratory tract cancers. The analytical method developed by NIOSH
researchers to measure low levels of formaldehyde that may be physically
adsorbed or chemically bownd on the particles is an important first step in
this progess.

The Occupational Safety and Healrh Adwinistration (0SHA) Permissible Exposure
Limit (PEL) for soft and hard wood dust except western red cedar 1s 5
milligrams of dust per cubic meter of air (mg/m®) and for western red cedar

is 2.5 mg/m?, both as 8-hour time-weighted averages (ITWA). The American
Conference of Covermmental Industrial Hygiemista (ACEIH) Threshold Limit Value
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(TLV) for hard wood dust is 1 mg/m? and 5 mg/m? for soft wood dust as

8-hour TWAs.ll NIOSH has mot established a Recosmended Exposure Limit (REL)
for wood dust, however, in a white paper submitted to 0SEA in 1987, NIOSH
reported that the exposure data for wood dust—aoft wood meeta the 05HA
definition of a potential ocecupational carcinegen, therefore, NIOSE recommends
that OSHA label this substance as a potemtial occupational carcinogen. NIOSH
alsc indicated that it does not agree that soft wood dust should be conaidered
separately from hard wood dust and has suggested that 1 ng.i"-:’ should be used
as an interim level to be followed by future rulemaking.l

Eesults and Discussion

Personal breathing zome (PBZ) and general area {GA) air sampling results for
formaldehyde and particulate material are shown in Table 1. The concentration
of total particulate material in PBZ alr samples ranged from 0.3 mg/m3 for a
trothing cperator vhose exposure to wood dust 1a limited to croas
contamination from the milling area, to 6.7 mg/m? for the cross cut saw
operator who worked throughout the day mitering edges of particle board. This
concentration exceeds the OSHA PEL and ACGIH TLV for wood dust of 5 mgfm?.
Using 1 mg/m? as the evaloation criteria, all three PEZ air samples

collected on workers performing woodworking activities exceed thia recommended
level. Due to the concern regarding the potentlal for carcinogenieiry, and
the fact that particle board can contain soft and hard woods as well as
western red cedar, it seems prudent that the mosat protective eriteria be unsed
for evaloatiom.

The concentrations of total particulate material in area air samples ranged
from 0.6 mg/m® in the front office to 1.4 mg/md in both the glue and

furnace rooms. Although there is no cutting or other woodworking sctivities
performed in the glue room there is the potential for croas econtamination from
the adjacent mill area. The furnace room contains a atove vhich is used to
burn scraps of particle board (for supplemental heating) and vwhich also houses
aome woodworking activities from amother company which leases space within the
warehonse. At the time of our visit, workers were cutting wedgewood in the
back of the furnace room which created large amommts of dust. Reportedly, a
new dust collector had recently been purchased for this mmit, and was to be
inastalled in the near future.

The vapor phase formaldehyde concentrations ranged from 0.06 parta per million
{ppm=) in the fromt office to 0.31 ppm in the glue room. Concentrationa of
0.14 to 0.15 ppe were measured in the furmace room, as well as on FBZ air
samples obtained on the two mill operators and the eross cot ssw operator.

The GA alr concentration in the glue room is approximately twice as great as
in adjacent areas, most likely as a result of the elevated air temperatures in
this room due to the RF equipment. The formaldehyde concentrations were all
below the OSHA PEL and ACGIH TLV of 1 ppm. NIOSH, however, recommends that
exposures be reduced to the lowest feasible level, as formaldehyde is
considered a potential carcinogen.
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Of the seven particulate samples analyzed for formaldehyde content, the
concentrations ranged from trace (between the analytical limit of detection
(LOD) and limit of quantitation (LOQ)) to 36.9 micrograms of formaldehyde per
cuble merer of air (ug/m3). The data collected with this method should be
interpreted cautiously, however, as this is an experimental method with no
background data for comparison. The evaluation does indicate, however, that
particle board dust generated during woodworking operations contains
formaldehyde which may be bomnd or physieally adsorbed on the particles, and
although the concentrations of formaldehyde found are much lower than in the
vapor phase, these low levels can be measurad reliably by this method. In
addition, the two types of measurements camnot be directly compared, as the
particnlate formaldehyde data may represent an exposure potential at the point
of particle retention in the breathing passages, vhile the vapor phase
formaldehyde data represents an exposure vhich would encompass the entire
reapiratory tract. There are presently no workplace evaluoation criteria for
formaldehyde—containing particulate material.

Summary

The industrial hygiene evaluation conducted in Jamsary 1990, indicates the
need for improved local exhaust ventilation to redoce the levels of
particulate materials generated during cutting and milling operatlions,
sspecially for the cross cut saw which had obvious ventilatiem deficiencies
{on the right side) and resulted in a total particulate exposure of 6.7

for the operator. Improving the local exhaust ventilation should alao
redoce the formaldehyde burden assoclated with particles that conld have
deposited in the respiratory tract and may alse help to lower vapor phase
formaldehyde levels by reducing the amount of particulate material available
to release formaldehyde to the air. Efforts to reduce formaldehyde and
particulate levels should be made since formaldehyde and wood dust are
considered by NIOSH as potential carcinogens. Reducing the levels of these
substances should alsc reduce symptoms of nose irritatien which have been
experienced by some workera. Based on air sampling data and observations from
thia investigation, the following recommendations are offered:

1. Improve the local exhaunst ventilation on the cross cut saw. Incorporating
the hood directly onto the equipment may be a more efficient means of
erhausting this side of the dual saw. In addition, & more permanent seal
should be provided for the seam on this side which appears to be a major
source of dust generation. The tape which is currently used does mot
provide an adequate seal.

2. To winimize the generation of dust when the bags are changed,
consideration should be given to moving the particulate collection system
cutdoors Lf possible, or alternately to enclose amd ventllate this area,
as the current practice results in the gemeration of fine wood dust which
is then disperaed thronghout the work area.
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5.

6.
T

To reduce formadehyde levels in the gloe room, consideration should be
given to increasing the dilution ventilatiom, by providing more outside
air to this area.

Air hoses should not be uased to clean clothing or equipment, as this
practice generates large amounts of dust in the workers®" breathing zone.
Vacumming should be performed vhenever possible, to ninizize reentraimment
of wood dust.

Smoking should not be allowed in the work area for both health and safety
TEARONS .

The use of goggles and ear protectiom should be enforced for saw operators.

If Superior Manufacturing contimumes burning particle board scraps for
supplemental heating, consideration should be given to providing
additional make—up alr for this mnit or providing a separate enclosed and
ventilated area for the stove. On the afterncon of our survey the atove
genarated a lot of smoke which filled the warshouse area. Carbon monoxide
(C0) levels measured using direet reading detector tobes indicated a
concentration of 15 to 20 ppm in the work area. Although this
concentration is below the NIOSH EEL of 35 ppm as an 8-hr TWA, it is
posaible that the concentration of (0 could vary comsiderably on any given
day. Carbon momoxide is major product of incomplete combustiom, and
exposure can result in syrptoms of headache, nausea, weakness and
dizriness.

Periodie exposure monitoring for formaldehyde and wood dust should be
conducted, particularly following any ventilatiom or work practice changes.

In sccordsnce with the requirements of WIOSH regulations (29 CFR, Title 42,
Part 85), for the purpose of informing affected employees of the results of
our evaluation, this report must be posted for a pericd of at least 30
calendar days im an area readily accessible to the workplace{s) of affected
employees.



13.

14.

15.

16.

17.

Whitehead LW, Ashikaga T, Vacek P. Pulmonary function status of workers
exposed to hard wood or pine dust. Amer Ind Hyg Assoc J, 42:178-186, 198l.

Hills JE. Nasal carcinoma in woodworkers: A review. J Occ Med, 28:526-529,
1982.

Michaels L. Lung changes in woodworkers. Can Med Assoc J, 96:1150- 1135,
1967 .

Black A, Evans JC, Hadfield HE, MacBeth G, Morgan A, Walsh M. Impalrment of
nasal sucociliary clearance in wvoodworkers in the furniture industry. Br J
Ind Med, 31:10-17, 1974.

Hational Imstitute for Occupational Safety and Health. Health effects of
exposure to wood dust: A summary of the literature (white paper). Clncimmati,
Ohio: U.5. Department of Health and Human Services, Public Health Service,
Centers for Disease Control, National Imstitute for Occupational Safety and
Health (unpublished).



*Lreatioedeel ‘Yec puUw Yooeq §Y UINE SPOCAPIVY ULWIIED J0j PUW FPOOAIJOE J0F SATL KIBDY §

sLresgisedess TIepec pIaX WINIEGA I0J PUW IWDED PRI TIIIFIA 3daoxa JEnp pooa TT¥ Joj &Tid VHEO 3

*TEART TQJER3] AE2ADT = IT g

§'ISNP PODA 3708 PUW PIVY Yioq Joj pasn eq cu/u T jo

TeART WEIIUT UR 1Y YHEO ©3 pejes¥ins evy HEQIN ‘Iaaan0Y 'IPNp POGA 107 TIA ¥ ANy ATIUNIIND I0U ACP HEOIH p
"PEIDRIEP SUWOU = (N 5

‘gaanTjwy dund

3O 3TRESRI ¥ O¥ POIUPTIVAUT 910A USCUISIZY WY U pEIII[[0d saTduws Ity ‘mafduws Ipe 3FTUS-TRFIIRE ERIWITPUI g
*Aroaproedess ‘erdmue in 77

puv sTdwws/9n 7 ®aea DO PUR Q0T 943 ‘ejedTeue spAyspIvwioj sewgd todwa 83y Jog ‘adwwe/In I°¢

sea ho1 @43 puw elduwe,/En Z9°0 9RA STRATVUN SPAUIDTFMIO] punog-a3vTnafaand eyl Joj do1 @4l (HoT) wejiwitiuEnd
3o 37Ul puw (QOT) UOTIFNIEP JO ITUR] 9Yl UISAIIQ SIS WITYA FUOIRIILIILOD 2IWITPUT FISIYIUIINA U] SONTWA ¢

T ITet i L1 TIONp TO0K) (A'IL) ONTWE JTWRT PIoUeaIql HIGaV
T LTI Vi 35" 'S (3enp poon) (7T13d) 3791 eInscdxy #TqQIeefEIed VHEO
T Yy | AL P (724} 3wy einsodxy PIPUIWWOIIE HEOIM

80°0 6L 20N 9°'0 Loy Lo valv uojidasai o1
TI"A e = @373J0 Juslg

§1°0 DET z'1e 1 T4, 1144 usAd ¥IRb-1a40
188U = BOOY iu.-Hn._...h

10 SLE (0°€) ¥1 £02 g¥lt JoA3Aucd puUYLq
JTeYe Uo - wWooy eNIH
TURTAmNg IV veIy
60°0 §0T (1°€) 8'0 L1y L1y zo3viady fupyiosl
gI°0 BLT 6'9E L9 TLT qlLz 1o3ezadg Awg InD EEO1)
10 ILt §'12 L'E BTY 8TY Joaeladn TTIMH
il LT wlB®°L) T (14 14 ] F03w1edp TTIW
ITRTOANT ITY [VUSEIE]

(wdd) (pm/8n) {gm/¥n) (gm/Bu) (1) (ugpa)
Joduys epigapremiog [9jlelwy 93RINITIIN] SEOTOA WL UOF 3R]
epiyapTvmioj pUNOg-93IRTRITIINY Tviol sTdmwg BupTdawg jqerp
Ti0—06 YISH .
0667 'Azwnuwp

ofq0 ' FIvEuEIEE)
fupiniowjnuey Jofiedng

TRFIRaW 9IRTAIFIINS Tvi0l pUw epiqaprvmicg 307 wiw( fuppdueg 13V

T *1qv]



